Background: Obesity is associated with increased surgical complications and long-term cardiovascular mortality. Studies of access in kidney transplantation have found a bias against obese patients on the wait-listing. Objective: To determine the current state of clinical practice for the management of obesity in kidney transplantation. Design: A survey in two versions, PDF and traditional paper, composed of categorical questions. Setting: A pan-Canadian survey of transplant nephrologists and surgeons. Methods: The survey PDF was distributed electronically to the Kidney Group of the Canadian Society of Transplantation. A shorter, hardcopy version was distributed subsequently at a national transplant meeting.
Introduction
Morbid obesity constitutes a substantial health care burden in the renal failure population, 1 as it is with the general population. 2 The impact of obesity on surgical complications during kidney transplantation 3, 4 should not come as a surprise. Most importantly, despite being recognized as a risk factor for long-term cardiovascular death, 5, 6 it remains undertreated in transplant candidates and recipients alike.
A bias against obesity has been consistently observed in studies of access to kidney transplantation. A study of the United Network for Organ Sharing (UNOS) database demonstrated an increasingly longer time to transplantation and a decreasing likelihood of receiving a transplant with each class of obesity. 7 Similarly, a study of the United States Renal Data System (USRDS) found that a greater BMI mediated the association between diabetes and reduced access to transplantation, including a longer time to listing, a longer time to living donor transplantation, and a longer time to transplantation after listing. 8 There could be multiple reasons behind such a systemic bias, from official policy to individual tendencies in clinical practice.
Little literature has been published describing policies on obesity and kidney transplantation. A survey of the American Society of Transplant Surgeons (ASTS), that had been cited but never published, reported that 66 of 67 kidney transplant centers had a BMI limit in the range of 35 to 45 kg/m 2 . 9 A survey on policy and listing in the United Kingdom found that the majority of programs (60%) excluded patients with a BMI exceeding a median limit of 35 kg/m 2 . 10 A worldwide survey of mainly European nephrologists reported that the majority (63%) had a BMI limit for referral to a transplant center, 11 which was most commonly 35 kg/m 2 (29%), followed by 30 kg/m 2 (27%) and 40 kg/m 2 (7%). Practice guidelines of the American Society of Transplantation (AST) and Canadian Society of Transplantation (CST) recommend weight loss for transplant candidates above a BMI of 30 kg/m 2 , 12 ,13 yet scant details regarding the "how, when, and how much" are given. No suggestions are made for the use of limits, and as such these are left by default to individual programs if they so choose. Bariatric surgery is only mentioned as an unproven treatment in this population. 12 The King's College Hospital has reported the only prospective clinical trial of a comprehensive weight management plan using the relatively restrictive BMI limit of 30 kg/m 2 . 14 Our own institutional policy at the Hôpital Maisonneuve-Rosemont includes a BMI limit for listing of 36.0 kg/m 2 , referral to bariatric surgery at a BMI of 40 kg/m 2 , and clinical surveillance every 3 months for all potential candidates with a BMI greater than 32 kg/m 2 . This study presents the results of a survey of transplant specialists in Canada that was conducted to understand the practice patterns and policies in place for the management of obesity of a kidney transplant candidate, and to gauge the current experience with bariatric surgery.
Methods

Survey Design
In 2013, the kidney transplant group at Hôpital MaisonneuveRosemont sought to establish an official policy toward obesity in the evaluation of kidney transplant candidates. In an effort to establish a broad perspective of the current practice patterns across Canada, a survey was designed to gauge the multiple facets of obesity management in transplant candidates.
The survey was created with Microsoft Word and the questions were developed in 5 sections: identification of the respondent (4 questions), assessment of the candidate for eligibility for kidney transplantation (6 questions), perception of the impact of morbid obesity on renal transplantation (8 questions), bariatric surgery and kidney transplantation (5 questions), and personal opinion (7 questions). The questions pertaining to the assessment of the candidate were formulated to determine which of the criteria were used in the evaluation and surveillance of patients. This group of clinical questions, though not necessarily exhaustive, includes those that our group encountered during the development of our local policy and was felt to be clinically relevant. The section of "Perception and Personal Opinion" was designed to probe the clinical opinion of respondents regarding the risks associated with obesity, the expectations for successful weight loss, and the impact on the eligibility of patients for kidney transplantation. The questions regarding bariatric surgery were formulated to gauge the experience of the transplant specialist with patients who had had bariatric surgery, prior to or before kidney transplantation. The survey was subsequently reduced to a short form, a single page, in view of its distribution as a hardcopy version (18 questions total). The sections on perception of obesity and personal opinion were eliminated or shortened to limit the survey to 1 page and hopefully decrease the perceived effort required to complete the survey. These questions were deemed expendable because of the relatively homogeneous responses obtained in the initial survey. Almost all questions were multiple choice using a set of check-boxes, except for questions regarding the BMI limit, which required a written numeric response. Additional comments were permitted at the end of each survey. This study was approved retroactively by the Ethics in Research Committee at the Centre de Recherche de l'Hôpital Maisonneuve-Rosemont (study number: 2017-345).
Survey Participants and Dissemination
The distribution of the survey was aimed to attain a nationwide participation of kidney transplant specialists, nephrologists, and surgeons. Transplant coordinators, nurse specialists, or practitioners were initially invited to respond to the survey, but no responses were obtained. 
Data Analysis
All respondent data were collected in an Excel spreadsheet and expressed as the number and percentage. Data analysis was performed using standard descriptive statistical methods. Two respondents had completed both versions of the survey, of which the short-form version was discounted.
Results
In total, 47 responses were collected representing 17 of the 18 adult transplant centers in Canada. The respondent centers were located in the provinces of British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick, and Nova Scotia. The first version received 31 responses for an approximate return rate of 32%. The shortform version collected a further 16 responses of the approximately 80 attendees of the Canadian Transplant Forum (20%). The only transplant center not represented was a small volume (<20 transplants annually) hospital without a living donor program. Multiple responses were returned from 12 centers. The specialties represented included nephrologists (n = 35) and transplant surgeons (n = 10), while there were two responses that were completed collectively by the center's transplant group.
Official Policy Regarding Morbid Obesity for Candidates
The majority of transplant specialists (81%) reported that their center had an official policy for obesity in the candidate selection process for kidney transplantation. Most transplant centers had at least one response that reported the use of a policy (89%). However, there was a significant level of intracenter disagreement about whether there was a policy or not (42% of centers with multiple survey responses), either between individuals or, between an individual and the group response.
The maximum BMI limit in the transplant candidate was most commonly reported at 40 kg/m 2 (62%) followed by 35 kg/m 2 (36%; Figure 1 ). However, less than half (40%) reported that their limit was strictly enforced and just below two thirds stated that patients were regularly monitored for obesity. The surveillance started at a lower BMI, 30 kg/m 2 most commonly (52%) then 35 kg/m 2 (45%). The majority of respondents (63%) would place a candidate on hold if the maximum was exceeded during surveillance.
Almost all specialists (94%) reported that obesity was taken into consideration during the selection process. In the comments section, numerous respondents noted the use of several other anthropometric criteria: abdominal circumference (n = 13), fat distribution (abdominal vs hip; n = 9), and waist to hip ratio (n = 3). Other criteria mentioned included exercise tolerance or physical functioning (n = 3), co-morbidities (n = 2), muscle content (n = 2), and compliance (n = 1). Assessment of the impact of obesity was also a reason for consultation of a transplant surgeon (78%), with referrals being requested most commonly at a BMI of 35 kg/m 2 (64%).
Weight Loss Program Specific for the Chronic Renal Failure and Transplant Patient
Given that a large majority of specialists reported a maximum limit for BMI, relatively few (30%) reported having a weight loss program available for obese patients. The most commonly cited interventions used, though not necessarily as part of a program, were a target weight (38%) and a consultation with a nutritionist (34%). Clinical surveillance was used at intervals of 3, 6, or 12 months. A time limit to achieve the weight loss goal was uncommon (13%), as was the consultation of other specialists and allied health professionals such as physiotherapists (4%), endocrinologists (4%), and psychologists (2%; Figure 2 ).
Bariatric Surgery for Transplant Candidates and Recipients
Although most transplant specialists reported a previous experience (76%) with patients having had or undergoing bariatric surgery, fewer than half had personally referred a patient (47%). Mostly, the reported experience with bariatric surgery tended to be small, less than 5 cases per specialist (75% of those who reported any experience at all). No respondent reported an experience of more than 10 cases. Of the respondents who consulted bariatric surgery routinely, the referral BMI was split evenly between 35 and 40 kg/m 2 . The experience of transplant specialists was mainly with patients having had bariatric surgery prior to wait-listing (and likely prior to referral for transplantation; 93% of respondents), whereas fewer had had experience with patients undergoing bariatric surgery while on the waiting list (20%) or after transplantation (17%). The types of bariatric surgery performed were most commonly sleeve gastrectomy (n = 11), gastric banding (n = 7), and Roux-en-Y gastric bypass (n = 7), while a significant proportion were unable to identify the type of surgery (n = 9). Noted post-bariatric complications included dysphagia (n = 3), nephrolithiasis (n = 3), anastomotic leak (n = 2), deep vein thrombosis or pulmonary embolus (n = 2), and pneumonia (n = 1). Interestingly, there were no reports of acute on chronic renal failure or dehydration.
A common concern about bariatric surgery is the effect on the pharmacokinetics of immunosuppressive medication. Four survey respondents noted that they had had an experience with an increase in the dosing of immunosuppressive medication after bariatric surgery: tacrolimus (n = 3), mycophenolate mofetil (n = 1), enteric-coated mycophenolate sodium (n = 1), and prednisone (n = 1).
When queried regarding management in the future, nearly all specialists indicated that they would refer patients for bariatric surgery. Most were comfortable with the surgery in the context of pre-transplantation (93%), hemodialysis (93%), and pre-dialysis (89%). Slightly fewer would refer a patient who was on peritoneal dialysis (76%) or post-transplantation (74%). Only one respondent felt that the risks of bariatric surgery were too high in this population.
Perception and Personal Opinion
The perception of obesity among transplant specialists was relatively homogeneous. For a BMI above 36 kg/m 2 , 97% of respondents would counsel the patient to lose weight by diet and exercise. All felt that obesity leads to increased risk of intra-operative and post-transplant complications, decreased patient survival (93%), and decreased graft survival (77%). Few (7%) responded that weight loss while on dialysis was associated with too much risk, and 27% felt that attempting weight loss in the chronic renal failure patient was futile.
The majority (88%) felt that morbid obesity should be a contra-indication for kidney transplantation, and that the limit, if judged by BMI, should be 40 kg/m 2 (53%) or 35 kg/m 2 (38%; Figure 1 ), though there was still a significant portion who had replied "don't know" (n = 11). Almost all felt that patients should be required to lose some weight prior to transplantation (97%), whereas relatively few felt that they should be required to lose all excess weight prior to listing (17%). The majority (72%) also felt that many patients are not referred to transplantation due to morbid obesity. Only a minority (33%) replied that morbidly obese patients would be unfairly discriminated against if a BMI limit were used. The rates of unanswered questions were between 4.5% and 9%, except for the section concerning bariatric surgery. Questions such as, a previous experience with bariatric surgery (29%), the post-bariatric surgery complications (16%), and modification of immunosuppression as a result of bariatric surgery (23%) had experienced higher rates of non-response.
Discussion
The prevailing practice among kidney transplant specialists in Canada is in favor of obesity as a contra-indication for renal transplantation. This survey found that most transplant centers had at least one specialist who reported the use of a maximum limit of BMI for transplant candidates, furthermore, most respondents reported the use of a maximum BMI. In terms of personal opinion, the majority also agreed that morbid obesity should be a contra-indication for transplantation. In the United States, a survey of 67 ASTS kidney transplant centers found that almost all (99%) reported using a BMI limit, though the results have never been formally published. 9 The objective of this survey was also to determine the range of clinical practice in Canada by comparing each center's official policy. However, the questions were not specifically developed to distinguish an official policy versus a bias or tendency, such as a "case-by-case" basis. There are several indirect observations that suggest a lack of official policy across Canada. Foremost, the majority of respondents (57%) reported that their BMI limit was not strictly enforced. Also, of the centers with multiple respondents, a significant proportion had internal disagreements about whether there was an official policy. In a UK study on access to transplantation, up to 25% of centers had an internal disagreement regarding the limit on obesity. 10 Furthermore, in this survey, both centers where a group answer had been provided, also had separate individual respondents who differed in their answers to the questions of the BMI limit, monitoring, and management. Among the respondents who answered negatively to having an official policy, more than half (5/9) still provided details regarding a maximum acceptable BMI for listing and surveillance. This suggests an informal policy more so than an official one. Perhaps in hindsight, one weakness of the survey is the lack of a definition for an "official policy." In our personal experience, the official policy should be used by all specialists in a center, nephrologist, surgeon, nurses, and other health professionals. It should govern the management of obese candidates, including the criteria of obesity and risk, and limits for listing and surveillance. Practically, the development of the official policy should be recorded in the minutes of a multidisciplinary meeting and subsequently, clearly written and discussed with obese patients. As a whole, the numerous instances of inconsistent results in this survey suggest that very few centers employed an official policy defined this way. This survey should provide the impetus for transplant centers to develop and formalize a policy on obesity.
The danger of a poorly defined or an informal policy is the potential for inequity in the access to transplantation. Patients share the same dialysis units and because obesity is common and difficult to hide, an inconsistently enforced policy could fuel a sentiment of injustice. This could be avoided with a defined and universally enforced policy regarding obesity. Any institutional policy will have to be determined by the consensus of each transplant center's own multidisciplinary group.
In Canada, the most common BMI limits used were 40 kg/m 2 Several retrospective case series have described the details of a transplant center's policy for obesity (Table 1) . Generally, the BMI limits used fall within the range observed in this survey. At one extreme, the University of Chicago has reported using no limit on obesity and applying a robotic technique for kidney transplantation to minimize post-operative wound infections. 15 This type of approach obviously does not address the long-term risks associated with obesity but adapts the surgical technique to minimize the short-term consequences of obesity. Interestingly, this center has also performed a case of simultaneous kidney transplantation and sleeve gastrectomy. 16 Tulane University has a maximum BMI for listing of 42 kg/m 2 and requires a close clinical follow-up of every 3 months. 17 The policy at the University of California at San Francisco sets the BMI limit at 40 or 35 kg/m 2 with 1 co-morbid disease of the metabolic syndrome. With such a policy any patient who is ineligible for kidney transplantation has an indication for bariatric surgery. 18 At Stanford University, patients with a BMI greater than 40 kg/m 2 are refused and referred for bariatric surgery, whereas those with a BMI between 35 and 39 kg/m 2 are considered with the proviso of weight loss to achieve a BMI below 35 kg/m 2 . 19 The Houston Methodist Hospital used a BMI limit of 38 kg/m 2 for listing, but required a BMI below 35 kg/m 2 at time of transplantation. 20 The evidence to support any particular BMI limit is not extensive. A USRDS study of wait-listed end-stage renal disease patients (1995) (1996) (1997) (1998) (1999) found that at a BMI greater than 41 kg/m 2 , 21 the survival benefit of renal transplantation was lost, though the statistical power was quite low because of the small numbers of patients in this weight class. A more recent study of the same database (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ) was able to demonstrate a significant short-term survival benefit at 1 year for patients with a BMI greater than 40 kg/m 2 , albeit at a relatively lower benefit relative to the non-obese weight groups. 22 It should be noted that a survival benefit observed at 1 year does not capture the increased long-term cardiovascular risk associated with obesity. In another database study, there was a significant increase in long-term risks of death (due to cardiovascular disease and infections) with a functioning graft and of death-censored graft loss associated with a BMI above 36 kg/m 2 . 23 Pragmatically, the options remain 35 and 40 kg/m 2 , depending on whether a center wishes to be more exclusive or inclusive. The theoretical benefits of the more strict, 35 kg/m 2 , limit could be a lower incidence of post-operative complications and lower long-term cardiovascular mortality. A higher limit of 40 kg/m 2 would result in more patients gaining access to transplantation with the associated short-term improvement in survival (vs remaining on dialysis), but at the cost of higher rates of peri-operative complications and long-term cardiac mortality. Future studies should attempt to define the inflection point where the risk associated with obesity begins to affect the long-term survival of the graft and the patient as compared with a nonobese recipient.
Whether BMI is the most appropriate metric for the risk associated with obesity in the chronic renal failure or transplant populations is unknown, as no other measure has been studied as extensively. In this survey, numerous other anthropometric criteria were suggested by the respondents. Most were measures of an abdominal distribution or central-type obesity, such as abdominal circumference and waist to hip ratio, and more subjectively, physical examination by a transplant surgeon. These measures have also been shown previously to correlate with worse cardiovascular outcomes [24] [25] [26] [27] and, obviously, a more difficult exposure during the transplant operation. Other suggested criteria, such as total fat content or total muscle mass are more difficult to use clinically. Muscle wasting, or sarcopenia, has been shown to be a strong predictor of poor outcome in chronic renal failure patients, 28 though it may be more a measure of malnutrition than of obesity. Measurements such as abdominal circumference and waist to hip ratio, can be used in combination with the BMI, to gauge the prognosis of a patient's body habitus, and certainly must be included in any future clinical studies.
In general, BMI despite its limitations, is still the most commonly used measure in the clinic and in research. The National Institute of Health's definition of obesity 29 and the indications for bariatric surgery 30 are also graded by BMI. It is easily calculated with precision from routine clinical information. The bulk of controversies regarding BMI as a prognostic measure of obesity in obesity may derive from the general definition of obesity as a BMI greater than 30 kg/m 2 , and the relatively small number of patients in study populations in whom the BMI exceeds 35 or 40. Relatively little data exist to support the use of other metrics, and extensive research will be required to develop risk stratification in association with the other measures of obesity in the chronic renal failure or transplant patient.
This survey found that most transplant centers did not have a weight loss management program. Although nearly all specialists counseled patients to lose weight, the effectiveness of such an approach is generally negligible. 31 The use of a structured weight loss program can result in successful long-term weight loss maintenance of about 20% at 5 years. 32 However, this survey has found a surprisingly low level of involvement of allied health professionals. Only 34% replied that they were using nutritionists, 4% physiotherapists, and 2% psychologists, and as a whole reflects the dearth of support and resource allocation dedicated to treating obesity. The only weight loss program prospectively studied consisted of a low-fat renal-specific diet, regular exercise, cognitive behavioral therapy, and Orlistat, an oral lipase inhibitor. 14 Intensive monthly clinical surveillance for 6 months was followed by biannual clinical visits until the study completion at 2 years. Significantly more weight loss was achieved in the weight management group, exclusively during the intensive phase, as compared with "usual care." As a result, significantly more (35% vs 6%) achieved the necessary weight loss for listing. This type of program is labor intensive and its cost effectiveness is unknown. Furthermore, Orlistat has never achieved widespread acceptance as a treatment of obesity and its relative contribution to this weight loss program is unknown. The effectiveness of any weight management program needs to be studied prospectively to determine its efficacy, though patients clearly need more support than what is currently being offered.
In general, the reported experience among Canadian transplant specialists with bariatric surgery was relatively minor (all under 10 cases). Only a few reported referring patients regularly. Several respondents noted in the comments that their access to bariatric surgery was limited or, not available at all in their practice region. Interestingly, despite a relatively novice experience, almost all respondents indicated that they would consider bariatric surgery for obese transplant candidates in the future. This may be the result of the obvious success bariatric surgery has achieved in the non-transplant population coupled with the lack of effective alternatives. The National Institutes of Health (NIH) indications for bariatric surgery (BMI > 40 alone or, a BMI > 35 with diabetes, hypertension, or dyslipidemia) 33 apply to almost all chronic renal failure patients who exceed currently used BMI limits. Theoretically, surgical weight loss could help a patient rapidly achieved the BMI limit for access to transplantation. The benefits should also include the long-term improvements that have already been shown for diabetes, hypertension, and quality of life. Although the current published experience consists only of small retrospective series, the potential is tantalizing. From this survey, almost all transplant specialists were willing to try. Obesity must be considered as a modifiable risk factor, and treatment should be sought much like revascularization for coronary atherosclerosis.
The response rate was relatively low but not unexpected for a survey of an exploratory nature. As there was at least one response for nearly every transplant center, this survey provides a general idea of the practice patterns concerning obesity in kidney transplantation in Canada. There was no verification of the validity of the responses, such as the adherence to the limits cited by each specialist. This could be done by studying the BMI of a cohort of recent kidney transplant recipients at each center. These survey results from 2013-2014 also reflect clinical practice during that period and may have changed since. It is also important to note that the results of this survey do not support any particular policy or limit, but rather they demonstrate indirectly a lack of policy in practice. An increased number of responses from all centers would perhaps have permitted a better understanding of intra-center differences or even the differences between surgeons and nephrologists. The proportion of unanswered questions was not unusual. The details pertaining to the type of bariatric surgery seem to be largely unknown to the transplant specialist. This may not be surprising as the patient likely had the surgery in the past, prior to referral for transplantation, and often at a different hospital. It should be highlighted that transplant specialists be better informed of the nature of any prior bariatric surgery, in particular the mechanism used for weight loss, whether restrictive, malabsorptive, or both, as these may have an impact on absorption of drugs and are associated with certain metabolic complications.
Conclusion
This survey has found that the vast majority of kidney transplant centers in Canada try to use a BMI limit for candidates. This limit appears to be inconsistently enforced and variable between different centers. Furthermore, there is a general lack of support for patients in their effort to lose weight and gain access to the transplant list. The current level of experience with bariatric surgery in transplant patients is relatively small, yet promising enough that almost all specialists appear willing to try.
Equity balanced with utility are the pillars that should govern access to transplantation. In the short term, transplant centers need to formalize their local policy for obesity and provide consistent rules governing access for all potential local candidates. The policy should cover the limit, evaluation, surveillance, and management of obesity. Future prospective research should focus on the determination of the long-term risk associated with morbid obesity. Furthermore, prospective studies should evaluate the effect of weight loss treatment on the peri-operative risk and the long-term cardiovascular complications to maximize the long-term utility of the kidney graft. Obesity should be considered a modifiable risk factor and should not be left untreated as a potentially effective treatment is already in common use in the general population. 
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